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BU~_'ADIENE F'R OJ:.:l THE PYROLYSIS OF 2, 3-DI GHLOROBUTAI\TE 
I N'.11 RODUGTION 
The importance of butadiene~as a compound of indus-
trial value is becoming more and more realized as the demand 
for synthetic resins, of wi dely varying properties, increases. 
For it has been known for some time that the controlled 
polymerization of butadiene yields plastics whose properties 
g ive rise to ma ny useful applications. In Russia. today, 
butadiene is being produced from the high t emperatur e crack-
ing of ethyl alcoho l 2 and "synthetic rubber 11 is manufac t ured 
by po l ymerization, from the product. 
The chief difficulty, howe v e r, s e ems to lie in the 
fact that to dat e no industrial method for the synthesis 
of butadiene has proven economically feasible, for even 
the Russian 11 synthetic rubb er" is produced at greater cost 
per pound than the natural product. Although butadiene 
oc curs in gases from petroleum vapor phase cracking (Around 
1%) and in the pressure condensate of coal carbonization 
gases as well as in the pyrolysis product s of many organic 
compounds su ch as cyclohexane, lower aliphatic alcohol~, 
fusel oil4 and dichlorinated products; its presence is 
usua lly characteri zed by~ the small perc entage found or 
the effect of larger yields is offset by cost of produc tion. 
* 1, 3-Butadiene, also known as bi-ordi-vinyl, diethenyl, 
pyrolylene, , vinw1-ethylene, and er·'ythrene. 
It therefore seems a pparent that the future of the 
butadiene-plastic field depends g reatly upon the success 
of developing an industrially practical method for pro-
ducing this diolefin. 
Butadiene has been prepared, using phenol as the raw 
material. This wa s reduced by the Sabatier me thod to 
hexahydrophenol, which when ox idized with nitric acid, 
yielded adipic acid. This was converted into the amide 
and treatment of this amide vvi th hypochlori te g ave the 
diamine from which butadiene was produced by exhaustive 
methylation5 • 
Another method converted acetaldehyde into aldol, 
which when hydrogenated, y i e lded 1,3-butylene glycol. When 
the latter was dehydrated, good yields of butadiene are 
said to have been obtained. 6 Yields of 85 to 90 percent 
butadi~ne have been reported as the r esult of 80 per cent 
of the g lycol and 20 per cent st e am (at a rate of 100 g r8l11 s 
per hour per liter of catalyst) at 220°C. being passed over 
a catalyst of primary sodium phosphate7 
Harries8 pre pared impure butadiene by dropping 2,3-
dibromobutane onto soda-lime in an iron pot at 600°C and 
Jacobson9 obtained better results by employing a tube 
furnace and operating at 530° to 550°c. Use of 1,4-di-
chlorobutane was made by lv1uskat and No rthrup10 who obtained 
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yields of about 30~ butadiene by passing the dichloride 
over soda-lime at 700° to 730°C. 
Butad iene has been prepared from 2,3-dichlorobutane 
by passing the latter over Ti02 at atmospheric pressure 
and 300° to 500°c:; while Kazanskii and Rafi lzon12 have 
lately r e corded yields of 30 to 40 percent by passing, 
2,3-dichlorobutane pver Bac12 at tempe ratures of 360° 
to 400°c. In the latter case, difficulty arose from the 
rapid poisoning of the catalyst by the tar-like products 
formed . 
No ne of these methods, however, or o ther schemes to 
be found r eported in the literature for the preparation of 
butadiene, se ema d to be economically sound enough to be 
applied industrially. Thi s fact and a general intere st in 
orga:i ic pyrolysis of this nature served as the animus for 
the pres ent work. 
The choice of the starting material, ie., 2,3-dichloro-
butane, was based upon several facto~s. In the first place 
this compound is easily prepared from 2-butene which itself 
is a cheap raw material occurring in aburtdance. This 
dichloride was chosen in preference to the dibromo-compound 
since the former is more economical to prepare. And finally 
a good su ppJ_y of 2,3-dichlorobut ane was on hand as a result 
of undergraduate research studying its preparation from 
n-butyl alcohol. It was hoped that the method could be 
developed to such a stage that experiments could be carried 
3. 
out on a scale larger than the laboratory work to be descriued 
here, before the time arrived for the submittance of this 
thesis, but as is often the case with problems dealing 
with pyrolysis, the mainfold fact0rs involved prevented 
the realization of this desire. 
THE METHOD 
The method used was briefly as follows. Twenty-five 
cubic centimeters of ~ 3-dichlorobutane were passed through 
a silica tube containing a catalyst composed of Bac12 on 
pumice, and heated in an electric furnac~ at atmosph eric 
pressure. The runs were made at various temperatures, and 
the dichloride was added at various rates. '.rhe tars and 
undecomp osed dichloride were trapped; the gases of the 
reaction being freed of HCl by alkali scrubbing, and by 
passing through soda-lime and finally dried by Cac12 md 
collected in an ampoule cooled in a co2-alcohol bath. 'rhe 
trapped residues were fractionated to recover unchanged 
2,3-dichlorobutane, the HCl liberated was determined as 
NaCl from the scrubbing tower (only in last four runs), 
and the yields of crude butadiene were weighed and subse-
quently analyzed. 
MATERIALS 
2 ,3-Dichlorobu tane. This c ompound was prepared as 
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an undergraduate research problem. 2-But <fne was generated 
from n-butyl alcohol and sulfur•ic acid and this was ~1bJ:t>.r­
inated, washed, dried and distilled under reduced pressure. 
The following table (Table I) gives the boiling range at 
the pressures used, the densities, and the experimental 
runs in which the various swples were utilized. 
4. 
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TABLE I 
2,3-dichlorobut ane Boiling Range Pre ssure Density 
20 125mm---l.11240 
Used in Runs 
(inc.) 
a-------------59.5-65°C-----
0 b-------------ca61 C 
0 C-------------38.5-41.8 C---
0 
d-------------40.2-42.3 C---
20° 127mm---l.1104U" 
50mm---l.107 o 20 
50mm---l.109 o 20 
No. l -9 
No. 10-20 
No. 21-22 
No. 23-27 
(Beilstein: Handbuch: 2, 3-di chlorobutane, B.P. 760: 115-120°c 
D= 1.107) 
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Catalyst. The catalyst was pumice, crushed and screened to 
-4+8 mesh and treat~d with Bacl2 (Merck's C.P. BaCl2l· 
Catalyst (a) was prepared by boiling 27g. of pumice in an 
aqueous solution of Bac12 • The percentage of Bac12 in the 
finished product (12.9%) seemed insufficient (see record 
of run 1 and 2) and the following catalysts we re prepared 
by heati ng the pumi ce in a thick paste of wat er and Bac12 
and drying this in an oven at 110°0 for 24 hours a:i d cool-
ing in a dessicator. The more or l es s solid mass wa s 
broken apart and in catalyst (d) this was screened to insure 
uniformity of size and ~liminate fines. The following table 
(Table II) gives the composition of the four catalysts. 
Catalyst 
TABLE II 
Per· Cent BaC12 Wt. of Catalyst used in tube 
Wt of BaCl 
in t h is Po~tion 
a------------12.9---------------3lg------------------4g 
b------------60.9---------------53.8-----------------32.8 
C------- - ----79.7---------------50 ~ -----------------39.6 
d------------45.4---------------51.8-----------------23.5 
Wash Base. The alkali solutidm used in the scrubbing tower 
was approximate.ly l.5m NaOH. 'I'his contained a methyl red-
brom·; thymol blue indicator. 
BUTADIENE GENERATION APPARATUS 
A diagram of the apparatus is given on the next page. 
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The dichlorobutane was contained in a 50 cc. burette (A ) and 
was run into the pyrolysis tube (B ) through the connecting 
tube. (B) was a silica tube 60 cm in length and 2.2 cm I.D. 
The feed tube from the burette entered the pyrolysis tube 
through a rubber stopper. A wick was wrapped around the out-
side of the tube { IB) at this point and the wick ends were 
placed in water contai. ned in a small porcelain crucible 
suspended by wire from the tube. 'l'he portion of the s topper 
exposed in the tube was coated with a mixture of asbestos 
fibre and sodium silicate. The catalyst , held in place by 
glass wool, was located as shown, in the portion of the tube 
surrounded by the el ectric furnace (C). 
A Pyrex tube · { J) carrying the ttermocouple { Chromel-
Alu.mel) wires was inserted into the catalyst. This tube 
entered the pyrolysis tube through a side arm in the special 
Pyrex adapter which was sealed onto (B) by meBns of sealing 
wax. This seal was also protected by means of a moist wick. 
The thermocouple leads connected with the cold junction (K) 
maintained at 0°C, and further to the potentiometer-indi-
cator (L). 
The pyrolysis products left {B) through the adapter 
which w.as connected to a copper tube extending almost to the 
: I I 
~ · .. : .~ ' - : .... _ 
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bottom of trap (D). This trap, surrounded by an ice bath, 
served as a catch for any liquid products, as vvell as an 
electrical precipitator which prevented fog, formed during 
the run (fog was noti~ed at rates of dichloride addition 
exceeding about .45cc per minute )1 from being carried through 
the rest of the apparatus. The precipitator consisted of 
a 20cm. by 3.8cm. test tube with t wos ide arms. An llcm. 
sheet of copper was rolled and placed in the tube, serving 
as the outer electrode. The copper tube carrying the gases 
from (B) served as the other electrode. The outer electrode 
was connected to the Ford spark coil (I) (o pe rating on 12 
volts D.C. ) thru a wire carried by the ri ght side arm; the 
left side arm serving as the gas outlet. 
'r he gase s l eaving the trap passed up through bead-filled 
scrubbing tower (E) (60cm. by l.7cm.) counter-current to the 
wash base held in (F), which flowed down. The rate of flow 
being c ontrolled by cock (3). The neutralized base dropped 
into a flask as shown. 'rhe level of the wash base in the 
tower was usually kept above the .gas inlet by manipulating 
pinch-clamp (4). 
The gases passed from tho scrubbing tower up through 
a tower (G) of similar dimensions whose lower half cont~ ned 
soda-lime, for removing any r ema :i ning HCl, and the top por-
tion was filled with Cacl2 for drying the gases. 
From the latte r the gas was conducted into an ampoule 
(H) immersed in co2-alcohol bath contained in a Dewar flask. 
The side arm outlet was connected to a CaC12 tube. 
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METHOD OF OPERNI'ION 
The furnace (C) was turned on; temperature being con-
trolled by the variable rheostat. A stream of dry nitrogen 
was then passed through the entire apparatus through cock 
(2) for ab out ten minutes. 'rhis not only cleared the 
apparatus of any air and moisture, but also eliminated any 
product from a previous run. During this time the burette 
(A) was filled with dichlorobutane and the ampoule weighed 
and connected. When the furnac e was at the desired tempera-
ture, the cock (2) was closed, precipitator turned on, and 
the wash base flow adjusted. At a given time the burette 
stopcock (1) was opened sufficiently to allow the dichloride 
to flow into the pyrolysis tube. The rate of addition was 
noted by the number of drops from the burette. After 5cc. 
had been added, the time elapsed and the temperature of 
the furnace were recorded. This was repeated at 5cc. 
intervals until 25cc of dichlorobutane had been added; at 
which time the cock ( 1) was closed and cock ( 2) was opened 
and a slow stream of N2 was passed through for about 10 
minutes. During the addition the temperature was maintained, 
as near as was possible, at a constant v8llue. Slight changes 
in rate of addition caused temperature fluctuation as more 
heat was requir•ed for vaporization and for the reaction 
itself. While the run w~ s in progress the scrubbing tower 
was constantly observed, to maintain complete neutralization 
of the gas. This was n:ade possible by thEf indicator present 
in the wash base which was green when basic, yellow when 
neutral, and bright red when acid. The wa sh solution was 
so adju sted that HCl was taken out by soluti&n as well as 
neutralization as evidenced by NaCl being 11 salted out" to 
some extent. 
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At the completion of the sweeping with N2 the ampoule 
(H), cont a ining the crude butadiene, was disconnected, sealed 
off and we ighed, labeled, and stored in the refrigerator. 
The residues caught in trap (D) we re poured into a weighed 
vial. 
The apparatus as described is found to be fairly sat-
isfactory but considerable technique is req_;t ired in its 
opera ti on. Certain changes, it is believed, would alleviate 
the situation. One of the major difficulties was maintain-
in g a constant rate of dichloride addition since the set-
up described operates under a changing pressure head in the 
burette. Therefore, constant manipulati on of the stopcock 
(1) is necessitated. A constant rate burette wou ld obviate 
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this difficulty. These have been described in the literature 
and are based on the principle of constant pressure head 
opera ting against a constant resistance. 
Subsequent analysis of the crude butadiene samples 
reveals the presence of a comparatively high boiling liquid 
(Boi ling Range 60°-65°) in ap preciab le percen tages and it 
would therefore seem desirable to eliminate this product to 
a large extent before the gasses reached the butadiene arnpoule. 
It has been observed that c onsiderable heat is evolved in 
the scrubbing tower, particularly \1 here the gas enters, and 
it is suggested that this tower be jacketed and cold water 
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be passed through the jacket. Since the gases leaving the 
trap (D) are saturated with the vapor of this hi gher boiling 
liquid at l east room temperature, the effect of keeping the 
scrubbing tower cool would tend to condense this liquid since 
its partial pressure is greatly increased by the removal of 
the HCl. 
As a final improvement in the apparatus, it is sugge sted 
that a second ampoule, connected in series with the first (H), 
be provided and imme r sed in liquid air. This woUJd collect 
gases not condensed by the co2-alcohol bath a nd would g ive 
a more complete picture of the problem under investigation. 
TREATMENT OF THE PRODUCTS 
Crude Butadiene 
The sealed ampoule of c~1d~ butadiene was placed almost 
immediately after we ighing in a tall can and stored in a 
ref r i ge rator ma intained at about 0°-2°C. This kept the 
product at a low temperature and practically in the dark until 
it was r emoved later for analysis. Even aft e r some of the 
yields had be en stored in this way for 14 months, they were 
clear and colorless at room t emperature. However, when they 
were cooled in this co2 -alcohol bath prior to opening , a 
whit e solid, in small amount, was noticed in the bottom of 
the ampoule. Storage did not account for t his ne c e ssa ~r ily 
as the same observation wa s made directly aft e r several runs, 
particularly in the case of hi gh rate of butane dichloride 
addition. This may be water which mana ged to pass through 
the drying tower at the higher velocities or perhaps a 
polymeric subs tance. Harries r ·3ported that butadiene wh i ch 
h e had stored i n sealed tubes f o r 5 year s had changed to a 
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white brittle substance. The analysis is described later. 
The Re sidues. 
The residues, which were largely mobile blue-green 
liquids with some tar, collectedin trap (D) and were bottled 
and weighe d . Th8se were later roughly fracti onated through 
a s mall column at atmospheric pressure chiefly to determine 
if any of the 2,3-dichlorobutane had passed through the 
pyrolysi s tube undecomposed, and to recover this dichloride. 
While a detailed consideration of each fractionation 
carried out, would be out of place here, as the work was not 
quantitative, certain observa tions might be mentioned. 
First, fr a ctions recovered from these residues in the 
neighborhood of ll0-118°C were considered as di chlorobutane 
(BP: 115-120°C). These were obtained in runs No. 1 and No. 
2 ( See ~able III) where the low percentage of BaC12 in the 
catalyst proved insufficient to cause complete decomposition 
of the dichloride. Furthermore, with the higher percentage 
catalyst,((b) and (c) ), dichlorobutane was recovered in all 
runs made below about 600°C at rates of 2,3-dichlorobutane 
addition varying from .925 to . 52lcc per minute. The only 
run below 600° not showing the dichloride i n the residue was 
No . 4 which, though made at 564°C, had the very slow dichlor-
ide( addition rate of .197cc per minute. 
The second observation was that the larger portion of 
the first fraction in all the residues came over betvveen 60° 
and 70°C, with only one exception, ie., No. 8 which was made 
at ?35°, whi ch *as the highest temperature investigated. 
Here the fraction came over at 75°-85°C and further heating 
produced no more distillate. The runs hav~ng recoverable 
dichlorobutane produced no further fraction above 118° 
although the heating bath was raised to 200°. The other 
runs produced no distillate boiling above about 100°. 
Apparently if hi gher boiling constituents were present, 
they were decomposed. Unstable compounds were indicated 
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in the fractions collected as they went t h rough color changes 
ranging from pink, blue, green, yellow and finally brown. 
The characteristic odor of unsaturated compounds was also 
evident. It is probably that the lower fraction (60°-70°C) 
was largely composed of chlorobutenes as these were found 
pr:esent in the later analysis of the crude butadiene samples 
as we ll, No conclusions were drawn as to the nature of the 
constituents coming over from 70°-100°C as they represented 
only a small portion of the r e sidues, nor the residual 
material in the distilling flask, as pyrolysis of this kind 
yield complex mixtures of unsaturates and aromatics who se 
analysis is difficult and here, unimportant. 
Since no 2,3-dichlorobutane was discovered in those runs 
made at temperatures above about 600°, these residue fraction-
ations were not carried out for subsequent runs at such 
temperatures. 
HCl Formed 
The HCl formed was determined (in runs No. 24-27 ) by 
ma king the effluent of tower (E) neutral with NaOH and 
evaporating to dryness and we i ghing the Na Cl. The residue 
and trap (D) was also washed with wate r and the washing 
adde d to the main solution before neutralizing. The knowledge 
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of the amount of HCl forme d helped as a check on the analysis 
of the crude yields. 
PRELIMINARY RUNS 
The first thirteen runs were of an explorative nature. 
These we re made varying the percent BaC12 in the catalyst, 
the rate of 2,3-dichlorobutane addition, and the tempera ture. 
The record of these runs is g iven in Table III. 
'11ABLE III 
Run Catalyst Rate cc/min. Temp.°C Grams Grams Di-
Residue chloride 
recovered 
from residue 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
(a) 
(a) 
(b ) 
(b)2 
(b)3 
(b)4 
(b)5 
(c)l 
(c)2 
(c)3 
(c)4 
(c)5 
(c)6 
.625 
.521 
.532 
.197 
.338 
.926 
.715 
.676 
approx. 
.582 
.463 
.260 
.281 
.510 
605 
489 
548 
564 
648 
550 
608 
735 
642 
645 
643 
643 
641 
----
6.4 
17.2 
4.3 
4.0 
approx. 
1.6 
5.8 
ap prox. 
1.9 
approx. 
1.2 
2.5 
approx. 
1.7 
approx. 
4.0 
approx. 
5.0 
2.45 
DISCUSSION OF PRELIMINARY RUNS 
Effect of Catalyst 
3.76 
13.4 
1.4 
o.o 
o.o 
3.09 
o.o 
o.o 
o.o 
o.o 
0.3 
o.o 
o.o 
Grams CrudE 
Butadiene 
3.4 
2.2 
6.8 
7.0 
8.4 
6.0 
7.5 
6.1 
6.0 
7.7 
6.5 
6.3 
6.62 
The effect of the percent Bac12 i n the catalyst be-
comes obvious when runs No.l ~ and 7 are compared. Here the 
temperatures and rates were essentially the same but run No. 
1 was catalyzed by c atalyst (a) containing only 4 grams of 
BaC12 , while run No. 7 usedcatalyst (b) containing 32.Bg · 
BaCl and yielded 2.2 time s as much crude butadiene. 
2 
Effect of Temperature 
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It has been previously noted under the treatment of the 
residues that complete decomposition of the dichlorobutane 
did not occur, except at very low addition rates, under about 
600°C. Consideration of the yields at temperatures above 
600°showed that the hi ghest we ights of the crude butadiene 
occur around 640-650°C. For this reason it was decided to 
investi gate the formation of butadiene i n this temperature 
range, with a catalyst of one composition, and with different 
rates of dichloride add ition. 
Effect of Rate 
From a superficial examination of the data it would se em 
that an optimun rate for tempera tures around 640° lies some-
where i n the neighborhood of .338cc of dichloride a minute. 
With this catalyst ((b) and (c)), it seems that the crude 
butadiene yields dropped off slowly with increase i n rate 
from the ni a :x: i mum at .338cc/min., while de cl"easing the rate 
s eemed to produce the same effect. The purpose of the final 
runs was to dis cover an optimun rate with a d iffe rent 
catalyst. 
However , the work to this point has deal t with the crude 
yield and it was desired to analyze the products in order to 
obtain a true picture of the i nvesti gat ion. 
ANALYSIS 
Analysis of Crude Butadiene 
A short water jacket was fitted over the upper end of 
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the neck of the butadiene ampoule and when the la t ter was 
cooled sufficiently in a co2-alcohol bath, it was opened 
and a thin glass rod, which had been made with fins about 
l.5cm. apart and of a diameter s mall enough to fit into the 
neck of the ampoule, was quickly inserted and suspended in 
the neck. The ampoule was then connected to a second am-
poule which had been previously cleaned, dried, weighed and 
cooled in the co2-alcohol bath. Ice water was circulated 
through the jacket and the butadiene was allowed to distill 
over into the receiving a mpoule. The fins on the rod served, 
in effe ct, to convert the ampoule neck into a Young fraction-
ating column for separa t ion of the gas from the liquid 
products present. This scheme obviated the necessity of 
attaching a separate column to the system and thereby afforded 
a simple and effective means of separation without the losses 
accompanying the other method. This fractiona t ion was carried 
out t wice, the distillate residues were weighed and comb ined 
for subsequent investigation. The residues obtained on the 
second distillation were very small, indicating good separation. 
The receiving ampoule now contained the g areous products 
collected from the pyrolysis and from this an analysis for 
butadiene was made. A s mall glass container of about 19cc 
volume and having a capillary stopcock sealed on it, was 
evacuat4d and cooled in the co2-alcohol bath. A capillary 
tube dipping into the condensed butadiene was opened and 
some of the liquid was ~llowed to escape in order to drive 
out air. The end of this tube was then quickly fastened to 
the end of the inlet of the sample bottle just described, 
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and the stopcock opene d just long enough to suck over a small 
portion of the liquid. The stopcock was then closed and the 
sample bottle was connected to the gas burette of the analysis 
apparatus. 
The Analysis Apparatus 
The determination of butadiene was base d upon the re-
action of this gas with molten maleic anhydride according to 
the equation: 
K 
H-C 
II 
H-C 
' + H-C 
n 
H-C 
I 
H 
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0 
H II 
0- c 
ll \0 
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0 
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) 
H H 0 
c' H II HG_............ 'c-C 
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He 
1
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H H 
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cis-6-Tetnahydrophthalic 
Anhydride M.P.103-104 
The a ppa ra tus to carry out this reaction was essentially 
that described by Tropsch and Mattox15 exdept t hat certain 
modifica ti ons were made to adapt it to a gas composed large-
ly of butadiene. The gas burette (A) was water jacketed to 
maintain constant temp erature. This was attached to a level-
ing bulb filled with a s~turated salt solution, colored with 
methyl red. The T-stopcock (1) connected the burette to the 
inlet and to the absorption pipette (C) through T-stopcock (2). 
The absorption pipette was jacketed and the jacket (B) con-
tained water kept at the boiling point by the resistance 
heater on the sidearm. The water vapor was c ondensed and 
returned to the jacket. The pipette was charged with about 
8. grams of freshly distilled maleic anhydride through cock 
~ 
~ 
~ () 
aj ;g 
~R 
~ ........... ~~ "" N~a: Y) 
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~ 
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(3) which was attached to a small leveling bulb (D) contain-
ing mercury. The pipette cock (2) was connected to gas bulb 
(E). rrhis bulb :cwas attached to leveling bulb (F) through 
stopcock (4). The leveling bulb was filled with saturated 
salt solution. 
Operation. 
The gas was drawn into burette (A) from the sample bottle, 
whose contents were completely vaporized, and me asured. The 
gas was then passed down through the left leg and up through 
the right leg of pipette (C) into gas bulb (E) and then back 
a gain to the burette. This was repeated until a constant 
reading was obtained. The absorption was rapid at first but 
seemed to drop off logarithmically with successive passes, 
resulting in a rather slow procedure. 
When the constant value had been obtained, the gas was 
passed through an absorption pipette containing 87 percent 
H2so4 for removal of n-butenes
16 and any propylene present. 
Here too the removal was slow. The residual gases were then 
collected for later investigation. 
Residual Gases. 
'11h e se were analyzed in a n apparatus who se construction 
had just been completed and therefore had not been adequately 
tested. The combustion was carried out with an excess of 02 
and over a cobalt oxide17 catalyst. The analysis showe d 
co2 as 17.5%, N2 as 51.9%, and combustib les as 30.6%. 'l'he 
results g ave a carbon v a lue for the co~bustibles of .4 and a 
hydrogen value of 3.7, obviously not indicating a mi x ture of 
hydrocarbons but probah ly a mixture of H2 and lower hydro-
18. 
-carbons. For the c omputat ion of results, the average mole-
cular we ight of the gas was taken as 29. which is probably 
too high, but it affords a factor of safety. 
The Distillation Residues 
The residues were combined and fractionated at atmospheric 
pressure ( 740 mm.) • 'rhree fractions were collected. The first 
c . e 
fraction boiled at 52. -57.5, the second fraction at 58.5 -60.9, 
0 
and the third fraction at 61.4 - 63.4 C. These fractions de-
colorized Br2 in cc14 rapidly and gave a precipitate with 
alcoholic AgN03 , An attempt wa s made to determine the chlor:ire 
quantitatively by treatment with sodium ethoxide and the re-
sults showed 26.65 percent Cl. If the fractions were chloro-
butene s (39.2% Cl), this would indicate the presence of other 
constituents in the amount of 3 2 percent by weight. Howeve r, 
it seems probab le that these residues we r e large ly chlorobutenes : 
Chlorobutenes B.P. 
CH3 CCl:CHCH3 58.5 - 59 !' 
CH3 CHG1GH :GH2 64. 
CH~CC1CH2 CH3 65. 0 - 66. 
It was previously noted that a liquid of this boiling rm ge 
was recovered from the trap residue in the preparation pro-
cedure. The analysis of the crudes would be greatly simpli -
fi e d if all this mat erial were condensed out by the method 
suggested und e r the discussion of the generation apparatus. 
Discussion of Final Runs 
Tab le IV gives the complete data on runs No. 17 to No. 
27~ runs No. 21 and No . 24 were not recorded owing to mis-
haps to the apparatus. 
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19. 
The Catalyst 
It will be noted that the same portion of catalyst 
(d) was used e leven time s in succession fort hese runs a:i d 
the results certainly indicate that no appreciable poison-
ing took place as was rep orted by other investigat&rsl2 
using Bacl2 • I t is possible that the high temperature used 
here, volatized the tarry substances, which seeme d to decrease 
the catalyst activity, and these coll e cted in the trap. It 
is also possible that the building up of a catalyst on pumice 
affects this as well. 
HCl Libe rated. 
In runs No. 25, 26, 27 the am '.~unt of HCl neutralized in 
the scrubbing tower was determined as NaCl. For No~ 25 and 
27 this corresponded to .374 mols Cl which gives a max imum 
amount of butadiene in the yield of 10.lg. In No. 26, .354 
mols Cl or 9.55g maximum butad iene was found. The discrepancy 
is accounted for by the presence of the other products. This 
dete r mination, however, gives an upper limit for butadiene 
which was not exceeded in the analysis. 
Rate of Dichloride Adctition 
The effect of rate on the formation of butadiene and 
butene is shown in the plot. However, since these values 
only apply to the apparatus used, it was thought of value 
to estimate the actual contact time between the gases and 
the catalyst. This was done by dete rmining the free space 
in the catalyst and by computing gas rates assuming that 
perfect gas laws held, the tempe rature of the gas was that 
indicated by the thermocouple, and the pressure was 745 mm. 
Hg. From these calculations, two contact times 
we re tabulated. The first set assumed that 3 mols of gas 
forme d ( c4H8 c12~ c4H6 +2HC1) per mol of dichlorobutane run 
in and g ive s a probab le upper limit to the velocity or lower 
limit to the contact time. 'rhe second set assumed that only 
1 mol of gas formed, i.e., that the dichloride merely vapor-
ized and passed through the catalyst unchanged. This g ives 
an upper limit to the contact time. 
Table V 
Contact Time in Seconds 
Upper 15.1 15.5 28.4 15.l 5.72 5.52 2.66 3.27 1.94 
Lower 5.03 5.16 9.46 5.03 1.91 1.84 .888 1.09 .646 
20. 
The actual contact time probably lies closer to the lowe r 
limit as is substantiated by the analysis of the products 
obtained. 
An examination of the butadiene curve shows definitely 
that very slow rat e s decrease the amount found at this tempera-
ture. Since the butene found also shows a t endency to d ecrease 
the effect is produced either by formation of mo re chloro-
butene or by cracking of the gases to lowe r hydrocarbo~ and 
hydrogen. 'rhe latt e r explanation se ems more likely and is 
somewh at substantiated by c on sideration of the following 
totals of products col lected fro m the pyrolysis. 
Table VI 
Weight of Crude Butadiene and Trap Residue 
# 23 
7.55 8.30 7.05 9.25 10.00 1 0 .50 10.l 10.l 10.5 
LLess than .4ccfain L-.J reater than .4cc/min. 
It is readily seen that the runs made at the slower 
rate show a loss which can probab J_ y be accounted for by 
formation of lower hydrocarbons not condensed by the co2 -
alcohol bath. 'I'he others seem'_: to be practically constant 
21. 
in the amount lost in t h is way. A material balance on a run 
eg. No. 25, shows 10.lg. product and 13.64g HCl formed, 
totaling 23.74g. The amount put into the sys tem i.e., 25.cc. 
dichlorobutane is 27.7g. The difference of 3.96g may be due 
to some carbon remaining in the pyrolysis tube, some of the 
HCl being in the soda-lime tower, and some loss of residue 
in transferring, but these factors are undoubtedly small so 
that at least 3.g or about 10% of non-condensab le gases must 
have been formed during the reaction. 
If the trap r es i due s are assumed to be largely chloro-
butene s, as their fractionation indicated (at this tempera-
ture), then it is se en from the total chlorobutene formed 
that the maximum yield of this compound occurred at about 
.338 cc/min. dropping off rapidly with decrease in rate and 
decreasing mor e slowly to an ap parent con stant v a lue as the 
rate is increased. This fact, together with the observa tion 
that the a mount of butene formed also approaches an apparent 
constant value as the rate is increased, wou l d lead one to 
believe that further increase i n rat e would not lead to 
hi gher yields of butadiene since the loss throu gh cracking, 
in the last three runs at least, se em s more or l e ss constant. 
CONCLUS I ON 
It would seem from the foregoing discussion that the 
method described for the preparation of butadiene from 2, 3-
dichlorobutane would not be i~ du~trially pra:ticable, at least 
22. 
in the temperature range chosen fo~ the final runs. However, 
it must be rem embered that the catalyst used in these runs 
was lower in BaC12 content than the cat a lysts used in most 
of the preliminary runs and it is fairly safe to predict 
·that an increase in this content would lead to higher yields. 
Further, the apparatus used wa s not as adaptable to the 
hi gher velocitjes owing to difficulty in rate control, but 
this difficulty can be eliminated as was previously sugge sted. 
Decrease in contact time could also be acc omplished by short-
en rung the catalyst zone. 
Operation at lowe r t emperatures and short contact time s 
mi ght l ead to g ood productive me thods, even if all of the 
dichloride was not decomposed. The undecomposed dichloride 
could be recovered, and used again and the cracking effects, 
no ted at hi gh temperatures, would be minimized. Temperatures 
much below 600°C, howeve r, do not seem advisab le due to 
probable hi gh chlorobutene production and catalyst ineffic-
iency due to dep osition of tar. 
Hi gher temperatures would undoubtedly increase loss 
through cracking and probably lead to the formation of other 
products such as aromatics. In the pyrolysis of lowe r 
hydrocarbons it has been noticed that the hi ghest percentage 
of butadiene found , occurred jus t below t he t emperature at 
which aromatics formed. 
The me thod, on the whole, s eems promising, however, as 
the yi e lds of butadiene have surpassed any found r eported in 
t he lite rature, usin g dichlorobutane as the starting material, 
and practically all of the other methods whi ch hav e any 
commercial significance. 
SUMMARY 
1. A satisfactory labora tory ap paratus and method for 
preparing butadiene from 2,3-dichlorobutane, by 
passing over BaC12 on pumice, at temperatures rang-
ing from 500-600°C., has been described. 
23. 
2. An analytical method for the products is developed 
using maleic anhydride to absorb butadieneJ87 percent 
sulfuric acid for butenes, and fracti onal distillation 
for the separation of chlorobutenes from the butadiene. 
3. Butadiene, chlorobutene, butene, lower hydrocarbons, 
and hydrochloric acid have been shown to result from 
the pyrolysis of 2,3-di chlorobutane over BaC12 • 
4. Conditions are described for obtaining yield~, of 
butadiene as high as 57.6% and opt i mun conditions 
are predicted. The hi gher yields here obtained 
exce ed ing those found i n the lite r ature, for this 
pyrolysis. 
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